A kind of boundary value problem about a second-order elliptic differential equation with variable coefficient is discussed indirectly by transforming it as the second kind of variational inequality form. Using regularization method, the variational inequality is formulated as an equal variational equation, which can be made discrete by the finite element method. Abstract error estimate and the error estimates of the approximation are derived under the energy norm and 2 L -norm.
Problem Statement
We had proven the variational inequality problem that is equal to problem (1), as follows:
And the variational inequality exists only one solution. (Chen, 2008) Problem (2) originates from many physics and engineering reality. The variational inequality includes an indifferentiable functional. Using the regularization method (Chen, 2008) , and making use of the differentiable function (R. Ding, 2005, pp.121-124) , this problem was formulated as an equal variational equation. We will construct approach by finite element method and give the abstract error estimate and the error estimates of the approximation under the energy norm and 2 L -norm. For better dissertating, regularization about the variational inequality (2) and the process of solving the equal variational equation (Chen, 2008) will be iterated in the next part briefly.
Regularization method and the equal problem
Using regularization method, we construct the differentiable functional 
Easily we know that
. Problem (2) can be substituted approximately by the problem:
We can easily prove that ) (v j ε is convex, differentiable and
The following theorem is quoted from the article (Chen, 2008) , we give it directly without proof.
Theorem 1 Suppose u and ε u are the solutions of problem (2) and (5) respectively, then when 0 → ε , ε u converqs to u strongly.
In the following we consider the equal form to variational inequality (5).
So we obtain the equal variational form (6) to problem (5).
The finite element approach and the error estimate
In order to carry on the stability estimate and the error analysis, we give the following lemma and the deduction at first. C is used to express constant in the paper, and the identical letter appears in different place may express different constants. 
Lemma 1 Function ( )
The solution of problem (6) exists uniquely and satisfies the following stability:
Proof The solution of problem (5) to express the energy norm. Consider the following finite element approximation problem about problem (6).
Just like deduction 1, we can obtain the existence and uniqueness of the solution of (10), and the solution similarly satisfies the stability estimate (9). Abstract error estimate about solutions of (6) and (10) will be given in the next part.
Theorem 2 Suppose u and h u are the solutions of problem (6) and (10) 
is the unique solution of the following elliptic problem (17).
Proof To perform subtraction between (6) and (10), we can obtain
From this expression, using the compulsive character of the bilinear form ( ) u u a , , we have
By Lemma1, the bounded character of ( ) u u a , and trace theorem, we can obtain , we can obtain In order to obtain the error estimate, we define interpolation operator
as follow: for
By the above conclusions, theorem 2, lemmas 2 as well as the finite element interpolation theory, we can obtain conclusions about the error estimate as follows. 
Theorem 3 Suppose
By the finite element interpolation theory [3] , for
Substitute them into the right margin of (21), and then we have the error estimate (19).
in (12) and using lemma 2, we have 
Conclusions
The variational equation equal to the variational inequality is made discrete by finite element method, which made the interpolation computation directly to the original variational inequality simplified. The existence, uniqueness and stability of the finite element solution are given. The abstract error estimate is established, and error estimate under the energy norm and 2 L norm is given. The finite element analysis about the variational inequality problem narrated in the paper is consummated.
